We present ASCA results of the pair clusters A399 and A401. The region between the two clusters exhibits excess X-rays over the value expected with a simple superposition of the two clusters. We see, however, no temperature rise at the merging front; the temperature is near the average of those in the inner regions of the two clusters. These indicate that the two clusters are really interacting but it is not strong at present. The inner regions of the two clusters show no radial variations of temperature, abundance and absorption values. We set upper-limits of mass deposition rate of cooling flow to beṀ < 35 M ⊙ yr −1 andṀ < 59 M ⊙ yr −1 for A399 and A401, respectively. A hint of azimuthal variation of the temperature is also found.
INTRODUCTION
A large fraction of clusters of galaxies have been found to contain substructures in the optical galaxy distributions and X-ray surface brightness. This may be understood in the framework of the hierarchical clustering scenario; clusters of galaxies evolve by accreting other clusters or smaller groups of galaxies. By the merging, the volume or density of the X-ray emitting gas may increase, hence X-ray luminosity increases as clusters evolve. Gioia et al.(1990) and Edge et al. (1990) , for example, reported evidence for the luminosity evolution of the X-ray emitting intracluster gas. Recent observations with ROSAT provide more direct evidence for the cluster merging; in some clusters, their X-ray surface brightness distributions are shifted from the galaxy number density distribution, in which local high temperature regions are found. These indicate that the clusters are actually merging with a strong shock at the merging front (Henry & Briel 1995 ; Zabludoff & Zaritsky 1995 ; Burns et al. 1995) . Suppose that the subcluster components are more separated, then the cluster may not be regarded as a single cluster but would be counted as two separate clusters. The distinction may be somewhat ambiguous; it depends on the projected distance of the clusters. If the system is gravitationally bounded, then the clusters will merge and evolve to a single, richer cluster in the future.
The pair of A399 and A401 is one of the closest and the brightest pair clusters, hence would be the best candidate of pre-merging clusters. Karachentsev and Kopylov (1980) measured the velocity dispersions and mean radial velocities of the two clusters and concluded that these data are consistent with the pair being gravitationally bound.
However, although several studies have been made on the pair clusters, whether they are thermally interacting or not is still open problem.
Some authors claimed that they may be interacting. McGlynn & Fabian (1984) pointed out that their lack of cooling flows may be due to the interaction. Although both of these two clusters possess luminous cD galaxies, their cooling flows are relatively weak (McGlynn & Fabian 1984) . By numerical simulations of cluster collisions, they confirmed that, at the first encounter, one cluster can even pass through the other without destroying the optical components, while the intracluster gas is largely affected and hence cooling flows, if any, may be disrupted (McGlynn & Fabian 1984) . Furthermore, A401 is one of only a few rich clusters that is report to have an extensive cluster radio halo (Harris, Kapahi, & Ekers. 1980 ; Roland et al. 1981) . Harris et al. (1980) suggested that radio halos form during the coalescence of clusters.
On the other hand, X-ray observation with the Einstein satellite indicated that the emission between the two clusters is explained by the simple superposition of the extended emission from the two clusters (Ulmer & Cruddace 1981) .
We report, for the first time, spatially resolved X-ray spectra of the pair A399 and A401 with the ASCA satellite. We found evidence for the interaction between these two clusters; there is an excess X-ray emission in the middle of the two clusters above the expected flux from the simple superposition of the two clusters. We also discuss largescale temperature variations in the outer regions of the two clusters, which may be affected by the interaction between them.
We describe the observations and the data reduction in section 2 and the analysis and the results in section 3. Then, in section 4, we discuss the structure of the two clusters and the interaction between them based on the results. Section 5 is devoted to conclusions. We assume H 0 = 50kms −1 Mpc −1 and q 0 = 0.5 through out this paper.
Observations and Data reduction
We observed A399, A401 and the region between the two clusters (hereafter we call it the link-region) with the ASCA satellite on 16, 18 and 17 August 1994, respectively. We rejected data at low elevation angles from bright earth (< 20 • ) and those affected by South Atlantic Anomaly. Hot and flickering pixels for the SIS data were removed.
The rise-time rejection technique was used to reject particle events in the GIS data. After these data screening, the accumulation times for and D, because a large fraction of the other regions are outside of the SIS field of view, and because the poor sensitivity at the high energy of SIS makes it hard to obtain reliable wide-band X-ray spectra in the outer regions of the clusters. The spectra in the series A and B were made using the data of the pointings centered on A399 and A401, respectively, while those in the series C and D were derived from the pointing data at the link-region. The background spectra were made using the averaged blank field data provided by ASCA group, from the same detector positions as the on-source spectra. Then the background subtractions were made after correcting the exposure time.
For the image analysis, we have used an improved response function of ASCA telescope provided by the XRT hardware team (Shibata, Honda, & Hirayama, private communication) , in which energy dependent point spread function and effective area are taken into account.
In fact, the ray-tracing simulation demonstrated that the error of the observed temperature is < 10% in the relevant temperature of 5-10 keV (Shibata, Honda, & Hirayama, private communication). Stray light from the two clusters in region C0 is also estimated to be < 30% of the observed flux in the region (Honda, private communication).
Analysis and Results
The background subtracted spectra were binned to contain > 20 counts for each energy bin; minimum counts for which χ 2 statistics can be applied, and then fitted to a thin thermal Raymond & Smith model (1977) plus an interstellar absorption using the XSPEC package. The spectra from GIS2 and GIS3 or SIS0 and SIS1 were simultaneously fitted with separate response functions and independent normalization factors for each detector. We show some examples of GIS and SIS results separately in figures 2 and 3; the GIS and SIS spectra and their best-fit model curves in the regions of A0, B0 and C0 (for SIS, the spectrum is from the region D). In all the regions, these models were found to be acceptable with the best-fit reduced χ 2 values in the range of 0.8 -1.1 for the GIS data and 1.0 -1.5 for the SIS data. The best-fit parameters are listed in tables 2 and 3.
The best-fit parameters obtained with the GIS and SIS spectra agree well with each other, except for absorption column densities, N H . These are derived essentially from the spectral below 1 keV. In this energy band, SIS is more sensitive than GIS, hence the SIS results would be more reliable. However, we notice here that calibration errors in the low energy band give some bias to the estimated values.
Therefore the absolute absorption may have systematic error, if it is less than a few times 10 21 cm −2 , which is the case of the present observations. Nevertheless, we can reliably compare relative values of N H from the SIS. The relative values of N H are almost constant from position to position. Therefore, we regard that the absolute N H is also constant everywhere in our fields. The N H values determined with SIS are a few times larger than that of the galactic absorption, which is 1.1 × 10 21 cm −2 (The Einstein On Line Service, Smithsonian Astrophysical Observatory). However, as we already noted, they are within the calibration errors, hence we do not discuss further for the N H structure.
Radial Structure
In figures 4 and 5, we show radial profiles of the temperature of A399 and A401, respectively, in which inner 6 ′ regions are divided to 6 annulus of 1 ′ interval, while the data of 6 ′ − 18 ′ are averages of A1-A4 and of B1-B4, for the A399 and A401, respectively. Uncertainty ranges of the fit given in the figures are 90% confidence ( hereafter errors are 90% confidence unless otherwise mentioned). We see no significant radial variations of the temperature in the inner regions.
As already noted, we see no variations of the N H value (SIS data), neither. These indicate that no significant cooling flow components exist around the cD galaxies. We further studied the SIS data, because SIS has better sensitivity than GIS at the energy of relevant temperature of the cooling flows. In order to find upper limits of the cooling flows we fit the SIS spectra from the whole regions of A0 and B0 to a thin thermal plasma model (Raymond & Smith 1977) plus an absorption. We have fixed the temperature, abundance and absorption column density to their best-fit values and added a cooling flow component model as described in Mushotzky & Szymkowiak (1988) , in which the cooling is assumed to start from the temperature of the ambient intracluster gas. We thus estimate that the flow rates of the cooling gas areṀ < 35 M ⊙ yr −1 for A399 andṀ < 59 M ⊙ yr −1 for A401.
The average temperature in the central regions within 6 ′ are found to be 6.9 keV and 8.0 keV, for A399 and A401, respectively (figure 1, table 3). Moving to the larger radius of 6 ′ − 18 ′ , the average temperatures show slight increases for both the clusters; from 6.9 keV to 8.1 keV and from 8.0 keV to 9.3 keV, for A399 and A401, respectively.
However the 90% errors overlap with each other and the calibration of ASCA would be still incomplete. Thus we cannot argue the temperature rise in the radial direction is real.
We investigated the abundance distributions of A399 and A401 as a function of radius, and found no significant radial variations, although the errors are large.
Thus, together with the global isothermality as discussed above, the intracluster plasma near the cluster centers would be rather uniform.
The Link-region
In order to see whether there are excess X-rays or not in the linkregion, in figure 6, we plotted a photon flux profile along the strip AA' indicates that the the two clusters are physically interacting. In figure   7 , we present the best-fit temperature distribution along the major axis. The temperature shows slow decrease from A401 to A399, and that of the rink-region is in the average value of A401 and A399. The abundance distribution is also examined, but is unclear due to its large errors.
Non radial Structure
The best-fit temperatures in the quadrants of the outer cluster regions and the average values in the inner regions ( A0 and B0) are shown in figures 1. We found that the temperature of the outer regions is, in average, higher than those in the inner regions in both the clusters, as already noted. We further found a signature of non radial temperature variations in A399, although we can reject the isothermal model at most at the 80% confidence level. We note that the calibration errors in azimuthal direction are small compared with those in in radial direction. As for the abundance, relative large errors prevent us to say definite statements.
DISCUSSION
The previous Einstein MPC results show that the 2 -10 keV fluxes of A399 and A401 is 3.4×10 −11 ergcm −2 s −1 and 5.9×10 −11 ergcm −2 s −1 , respectively, and their temperatures are 6.0 keV and 8.6 keV , respectively ( Edge et al. 1990 ; David et al. 1993) . We determine the 2 -10 keV fluxes of A399 and A401 within 18 ′ (about 2 Mpc) to be 3.0 × 10 −11 erg cm −2 s −1 and 5.7 × 10 −11 erg cm −2 s −1 , which is in excellent agreement to that determined with Einstein. The mean temperatures determined with ASCA of about 6.9 and 8.0 keV agree also well to the Einstein. The inferred temperature and luminosity fit well to the empirical correlation given by David et al.(1993) .
We found no significant radial variations in the central regions (< 6 ′ = 0.8 Mpc) of the clusters. This, however, does not immediately indicate that the radial structure of iron found within about 100 kpc in the Centaurus and Virgo clusters is absent in A401 or A399, because the distance to the two clusters gives angular distance of 1 ′ , the spatial resolution of ASCA, to be 130kpc (Fukazawa et al. 1994 ; Koyama et al. 1991) . We found no signature of cooling flows for both the clusters, giving upper limits of the mass deposition rates ofṀ < 35 M ⊙ yr −1 for A399 andṀ < 59 M ⊙ yr −1 for A401. These values are relatively small as for the clusters with cD galaxy (McGlynn & Fabian 1984) .
The most important information of the present observation is the X-ray emission in the region between A401 and A399 clusters. Ulmer and Cruddace (1981) claimed that the Einstein data can be explained as the simple superposition of foreground (A399) and background (A401) extended emission of the clusters. We found clear excess X-rays in the link-region over the value expected with a simple superposition of the two clusters.
Numerical simulations of Evrard (1990) and Schindler & Müller (1993) showed that during collision, gas between two clusters should be heated. This is not the case of our observation; the temperature in the link-region derived by ASCA is almost the same as those of A0 and B0. Furthermore, table 1 shows that the locations of the X-ray peaks and the cD galaxies in each cluster coincide within the error (∼ 1 ′ ). These facts support that interaction between A401 and A399 does exist, but no strong shock has not been made in the linkregion. Thus we interpret that the cluster pair A401-A399 is currently in pre-merging phase. We guess that after several Gyr, the pair of the clusters will exhibit similar X-ray properties such as those of A754 and A2255, which are thought to be currently colliding (Henry & Briel 1995 ; Zabludoff & Zaritsky 1995 ; Burns et al. 1995) . In A754, some regions have temperature of T > 12keV while in some other regions T < 6keV. In A754 and A2255, the locations of the brightest galaxies in the clusters are away from the X-ray peaks more than 1 ′ (Henry & Briel 1995; Burns et al. 1995) .
As for less possible scenario, although we cannot reject with the present result, is that the pair clusters is a relic of a past-strong col- An interpretation can be made that the variances reflect the relics of the gravitational perturbations at the cluster formation period, which have not grown up as significant subclusters; dark matter blobs which correspond to the perturbations would have collided into the central regions of the clusters, the gas trapped in them would have been shocked and the temperature would have risen.
CONCLUSION
We report ASCA X-ray observation of the pair clusters A399 and A401. No significant radial variations are found in the central regions of the two clusters. There is an emission excess in the region between them (link-region) over the value expected with a simple superposition of the clusters. The temperature in it is not higher than that in the central regions of the clusters. In the outer regions of A399, signatures of azimuthal variation of temperature are found.
These results suggest that the two clusters are in a pre-merging phase; the interaction is not strong at present. We cannot exclude a past strong collision. We encourage more detailed observations and the comparison with numerical simulations.
We thank all of the members of the ASCA team and the launching staffs of the Institute of Space and Astronautical Science. We thank C. Ishizaka for providing simulation data. 
Figure Captions
− 1 ′ 1 ′ − 2 ′ 2 ′ − 3 ′ 3 ′ − 4 ′ 4 ′ − 5 ′ 5 ′ − 6 ′ A399
